In somatic cells, imprinted genes are expressed monoallelically according to parent-of-origin. In contrast, in 11.5 days post-coitum primordial germ cells (PGCs), and later stage germ cells, these same genes are expressed biallelically, suggesting that imprints inherited from the gametes are largely erased by this stage. To determine when in germ cell development this biallelic expression phenomenon commences, we isolated migrating PGCs by flow cytometry and determined the allele-specific expression of four imprinted genes -Snrpn, Igf2, H19 and Igf2r. The first three genes were expressed monoallelically, while the latter gene was expressed biallelically. These results show that inherited imprints regulating monoallelic expression are largely intact in migrating PGCs. q
Results and discussion
A transgenic mouse line was made in which the transgene consisted of the Pou domain, class 5, transcription factor 1 (Pou5f1, or Oct4) promoter and enhancers driving the egfp reporter gene. Pou5f1 expression marks the totipotent cell lineage (Pesce et al., 1998) . The degree of primordial germ cell (PGC) purity in EGFP 1 cells sorted by flow cytometry was assessed using PGC-specific markers. At 9.5 days postcoitum (dpc), a discrete population of EGFP 1 cells was obtained, and nearly all (96%) were PGCs (Fig. 1C,D) . At 10.5 dpc, EGFP 1 cells were even more discrete ( Fig. 2A ). At 11.5 dpc, EGFP 1 cells were positive for the PGC marker, stage-specific embryonic antigen (SSEA1) (Fig. 2B ). Fluorescence was restricted to the gonad at subsequent stages ( Fig. 2C-E) . These results show that 9.5 and 10.5 dpc migratory PGCs can be enriched to near-homogeneity using the method described.
Reverse transcription-polymerase chain reaction (RT-PCR) single nucleotide primer extension assays for quantifying allele-specific expression were performed on sorted EGFP 1 and EGFP 2 cells. Results are shown in Fig. 3 . At 11.5 dpc, or at the early post-migratory stage, the expression of all four imprinted genes was biallelic in EGFP 1 PGCs, and monoallelic in EGFP 2 somatic cells, confirming the results of a previous study on manually purified PGCs (Szabó and Mann, 1995b) . However, 1 day earlier, in 10.5 dpc migratory PGCs, the expression of the small nuclear ribonucleoprotein N (Snrpn) gene, H19, and the insulinlike growth factor 2 (Igf2) gene, was markedly skewed, with the expression of the latter two genes being very close to monoallelic. At 9.5 dpc, Snrpn was expressed monoallelically. We did not assay Igf2 expression at 9.5 dpc, assuming that this would be essentially monoallelic, as was H19 expression. These results demonstrate that the inherited epigenetic mechanisms regulating the monoallelic expression of these three, and probably many other imprinted genes, are retained during PGC specification, and for sometime thereafter. The insulin-like growth factor 2 receptor (Igf2r) gene provided the exceptional result. It was monoallelically and biallelically expressed in somatic cells and PGCs, respectively, at all stages examined. In intersubspecific hybrid embryos as studied here, Igf2r is also biallelically expressed at earlier stages -during cleavage, in the blastocyst inner cell mass, and in the primitive ectoderm of the 6.5 dpc egg cylinder (Szabó and Mann, 1995a) . Therefore, Igf2r appears always to be expressed (02)00087-4 www.elsevier.com/locate/modo biallelically in the totipotent lineage. However, we note that a transgenically modified Igf2r allele is paternally downregulated in the 6.5 dpc primitive ectoderm, as assessed by LacZ activity (Lerchner and Barlow, 1997) . The present results, and previous observations of hypomethylation of imprinted genes in 13.5 dpc female and male germ cells (Brandeis et al., 1993; Ueda et al., 2000) , are consistent with a large scale loss of methylation imprints in germ cells at the end of the migratory period. This would be indicative of a shift in the epigenetic program of the germ line at this stage. It might be regulated by a developmental clock, or be induced by somatic cells within the genital ridge. An investigation of the methylation profiles of imprinted genes in migratory PGCs is underway.
Methods

Production of a transgenic line expressing EGFP in the germ line
The construct used was identical to that described-GOF18DPE (Yeom et al., 1996) -except that the egfp reporter (Clontech) was substituted for the lacZ reporter. A number of transgenic lines were made by injecting (CBA/CaJ £ C57BL/6J)F 2 zygotes. One line, TgOG2, was bred to homozygosity for the transgene and used for the studies described here.
PGC-enriched embryo fragments used in flow cytometry
8.5 dpc or ,five somites -the posterior portion as delineated by the node; 9.5 and 10.5 dpc -as described (Cooke et al., 1993) ; 11.5 dpc -for SSEA1 labeling, all of the embryo between the forelimb and hindlimb buds; for gene expression studies, isolated gonads; 15.5 dpc -isolated gonads. Isolates were placed into 0.15 ml of trypsin-EDTA, incubated for 20 min at 37 8C, then dissociated into a single cell suspension by trituration. A total of 0.3 ml of 25% (v/v) fetal bovine serum in medium M2 (Wood et al., 1987) was added before flow cytometry.
Cell labeling and flow cytometry
Labeling of dissociated live cells with SSEA1 was carried out as described (Harlow and Lane, 1988) . First antibodymonoclonal antibody MC-480 (SSEA1) (Developmental Studies Hybridoma Bank, University of Iowa, IA); second antibody-goat anti-mouse IgM-APC conjugate (Caltag). AKPII staining was carried out using ADCELLe slides (Erie Scientific) and reagents as described (Cooke et al., 1993) .
Allele-specific expression
Embryos for PGC isolation were obtained from matings between TgOG2 prepubertal females and CAST/Ei males (The Jackson Laboratory). Cells were sorted directly into 0.25 ml of RNAzol B (Tel-Test), then RNA isolated as described (Szabó and Mann, 1995b) . Allele-specific expression was quantified using RT-PCR single nucleotide primer extension assays as described (Szabó and Mann, 1995b) . Fig. 3 . Allele-specific expression of imprinted genes in migrating PGCs. Sorted cells were analyzed using the RT-PCR single nucleotide primer extension (SNuPE) assay. For each gene, the top and bottom rows of bands represent the presumptive inactive and active allele, respectively, with the parental derivation given at the right. The value above each pair of bands is the percent amount of RNA contributed by the presumptive inactive allele to the total RNA present for that gene. For example, for 10.5 dpc EGFP 1 cells, 15 and 85% of the total amount of Snrpn RNA was derived from the maternal and paternal alleles, or the presumptive inactive and active alleles, respectively. For the 11.5 dpc sample, when PGCs are at the early post-migratory stage, only cells of the isolated genital ridge were subjected to flow cytometry. Thus, EGFP 2 cells were also derived from the genital ridge.
